Objective. Fatigue is a common and important problem in SSc. No studies, however, have compared the properties of fatigue measures in SSc. The objective of this study was to compare the performances of the Short Form-36 (SF-36) Vitality subscale and Functional Assessment of Chronic Illness TherapyFatigue (FACIT) in SSc.
Introduction
SSc is a chronic multi-system disorder characterized by microvascular disease, disturbance in fibroblast function and immune system activation, culminating in fibrosis of skin and internal organs [1] . SSc affects mostly women [2] and is associated with significant disability [3] , high cost [4] and increased mortality [5] . Common morbidities include disfiguring skin thickening, finger ulcers, joint contractures, pulmonary hypertension, interstitial lung disease, arthritis, chronic dyspepsia, malabsorption and malnutrition and renal failure. Patients have high rates of clinically significant symptoms of depression, even compared with patients with other acute and chronic conditions [6] . SSc is associated with substantially reduced health-related quality of life (HRQoL) [7] .
Persistent fatigue, defined as ongoing exhaustion that is disproportionate to exertion and not alleviated by rest, reduces HRQoL for patients with many chronic medical illnesses [8] . A recent study reported that fatigue was present at least some of the time among 89% of > 400 Canadian SSc patients and had a moderate to severe impact on the ability to carry out daily activities for 72% [9] . Similarly, a Dutch study found that fatigue was reported to be a bothersome symptom for 92% of 123 SSc patients [10] . Fatigue ratings by SSc patients are similar to those of patients with other rheumatic diseases and cancer patients currently undergoing treatment, and worse than in the general population and among cancer patients in remission [11] . Fatigue in SSc is associated with reduced capacity to carry out daily activities, work disability and impaired physical function, even after controlling for education level, disease subtype, pain, sleep quality and depressive symptoms [1215] . Factors that have been associated with fatigue in SSc include breathing and gastrointestinal problems, pain and symptoms of depression [16] . An important limitation of existing studies on fatigue in SSc is that they have used single-item ratings [9, 10] or measurement scales that have not been validated for patients with SSc, including visual analogue scales [13, 14] , the Vitality subscale of the SF-36 [12, 16, 17] and the Multidimensional Assessment of Fatigue (MAF) scale [15, 18] . For example, Ibn Yacoub et al. [19] found a strong negative correlation between the SF-36 Vitality subscale and the MAF, but Sandqvist et al.
[20] and Rannou et al. [21] came to the opposite conclusion.
The SF-36 Vitality subscale and the Functional Assessment of Chronic Illness Therapy (FACIT) scale are widely used to measure fatigue across chronic disease groups, including the rheumatic diseases. The SF-36 Vitality subscale consists of four items and was designed to assess fatigue in healthy respondents from the general population [17] . The 13-item FACIT, on the other hand, was developed to assess fatigue among patients with chronic medical disease [22] . Cella et al. [23] compared the psychometric properties of the SF-36 Vitality subscale and FACIT in >600 RA patients. Standard indices of reliability and validity were good for both measures. However, the SF-36 Vitality subscale did not adequately differentiate among patients with moderate versus severe fatigue because patients with at least moderate fatigue tended to score at high levels on the SF-36 Vitality subscale items. The FACIT, on the other hand, discriminated well across the range of fatigue.
The main objective of this study was to compare the measurement properties of the SF-36 Vitality subscale and the FACIT in patients with SSc. To do this, we (i) compared the associations of the two instruments with other physician-and patient-reported outcome measures and (ii) evaluated the extent to which individual items on the measures and their total scores discriminated between patients with different levels of fatigue.
Materials and methods

Design
Cross-sectional study of a Canadian multi-centre cohort of SSc patients. 
Measures
In addition to the SF-36 Vitality subscale and FACIT, we collected demographic and general disease variables; physician assessments of disease severity, activity and damage; patient ratings of a series of SSc symptoms from the Scleroderma HAQ (SHAQ); HAQ Disability Index (HAQ-DI) and patient-oriented outcome measures, including the SHAQ, the Center for Epidemiologic Studies Depression scale (CES-D) and SF-36 physical and mental component summary scores.
Demographic and disease variables
Disease duration was recorded by registry physicians as time since the onset of the first non-RP disease manifestation. Skin involvement was assessed using the modified Rodnan skin score [24] , and patients are classified into limited and diffuse disease subsets based on Leroy's definition [25] . Patients without any skin involvement (<5%) were included with those defined as having limited disease.
Physician assessments
Physician-reported global assessments of disease activity, damage and severity [2634] were measured using an 11-point numerical rating scale asking the rater to rate the subject's disease activity/damage/severity in the past week.
SF-36 Vitality subscale
The SF-36 version 2.0 Vitality [35] subscale consists of four Likert items. Patients rate agreement with statements related to fatigue in the past 4 weeks on a 5-point scale (1 = all the time, 5 = none of the time). Scores on the SF-36 Vitality subscale are normalized based on US population data (M = 50, SD = 10) [17] . In the tables, we report the scores consistent with normalized scoring. However, in order for the scoring direction to be consistent with the FACIT in analyses, the response ordering of the SF-36 Vitality subscale items was coded so that higher ratings indicated greater fatigue. The SF-36 Vitality subscale has been shown to possess reasonably good internal consistency (Cronbach's a = 0.80) and good discriminative validity in the Canadian population when administered in both English and Canadian French [36] .
FACIT
The FACIT consists of 13 Likert items, measured on a 5-point scale (0 = not at all, 4 = very much) in which patients rate statements about fatigue in the past 7 days. Scores are summed to obtain a total score (range 052). The FACIT has been shown to have excellent internal consistency (Cronbach's a >0.90) and very good construct and divergent validity in several patient populations [37, 38] .
Other patient-reported instruments
In addition to the physician-reported assessments, we used patient-reported measures to describe the cohort and to assess their correlations with the SF-36 Vitality subscale and the FACIT. The instruments used in our study include modified SF-36 physical component (PCS) and mental component (MCS) summaries [39] , patient ratings of a series of SSc symptoms from the SHAQ [4044] , and the CES-D [4547] . Further details about these instruments can be found in the supplementary data, available at Rheumatology Online.
Statistical analysis
To assess the association between the total scores of the two instruments, we computed the correlation of the SF-36 Vitality subscale and FACIT total scores. In addition, correlations were computed to compare associations of the SF-36 Vitality subscale and the FACIT with physician-and patient-rated outcome measures. All correlations, with 95% CIs, were calculated for 1000 bootstrap samples using the non-parametric Kendall's tau test. Bias-corrected CIs for the differences between correlations of the SF-36 Vitality subscale and FACIT with the measures were also computed [48] .
We used item response theory (IRT) methods to examine the degree to which items and the total scores of the SF-36 Vitality subscale and FACIT differentiated between patients' fatigue levels. We validated two of the most important assumptions of the model, unidimensionality of the latent construct and stochastic ordering. Unidimensionality was assessed in two different ways. First, we fitted a confirmatory factor analysis model with a separate latent construct for each questionnaire [49] , as well as a model that fitted both to a single latent construct. Models were compared on the basis of their Bayesian information criterion (BIC) values [50, 51] , as well as root mean squared error of approximation (RMSEA) [52] . As per the guidelines of Raftery and Kass [50] , the model with the lowest BIC value was chosen, with a difference of 10 in BIC values considered to be large. Furthermore, the model with the lowest RMSEA was selected. Second, we fitted a partial credit IRT model (PCM) [53] to the SF-36 Vitality subscale data and the FACIT data separately, which assumes two independent latent constructs. We compared the single latent trait model with the separate latent trait model using the BIC. Stochastic ordering was assessed by checking manifest monotonicity for each item by grouping patients based on their scores on the rest of the instrument [54] . Major violations to the assumption of stochastic ordering were assessed using the guidelines of Van de Ark, with a violation >0.3 considered relevant [55] .
A PCM was fitted to the combined data for both instruments. Fatigue was assumed to have a standard normal distribution in the population. For each item, the PCM model estimates the level of fatigue at which a patient would choose one score category instead of the category below it, this threshold parameter reflects the fatigue level at which patients would be expected to endorse a more severe item category. Because both the SF-36 Vitality subscale and FACIT items have five levels, there were four fatigue thresholds between response levels for each item of both scales. These item-specific threshold parameters were then used to compare the range of fatigue measured by each item, as well as to assess how patients with varying levels of fatigue would be expected to respond to a given item. As done in Cella et al. [23] , to facilitate comparison between the sets of items, the four threshold parameters for each item are averaged to create a single representative value.
The fatigue level for each pattern of item response can be estimated by using the parameters of the PCM and an application of Bayes Theorem. These can be interpreted as the expected value for the latent fatigue construct for an individual given the categories that they responded to for each of the items. We also reviewed the most likely scores that corresponded to a wide range of latent fatigue values to determine how well each instrument's total score differentiated patients at varying levels of fatigue.
Although a priori P-values <0.05 were considered statistically significant, we applied a post hoc Bonferonni correction factor for each of the 26 comparisons in Table 2 (<0.002). All analyses were done using the R statistical package [56] , version 2.12.0. All 95% CIs were obtained using a non-parametric bootstrap via the boot package [57, 58] . The test of stochastic ordering was conducted using the mokken package [55] . All PCMs were fitted using the ltm package [59] .
This study was approved by the McGill University Institutional Review Board, and the data collection protocol was approved by the ethics committees of all study sites. Informed consent to participate was obtained from all study participants.
Results
The baseline characteristics for patients included in this study (N = 348) are shown in Table 1 . Approximately 85% of patients were female, and the mean age was 56 years. Mean time since onset of the first non-RP symptoms was just over 11 years, and 35% of patients were classified as diffuse. The mean score on the SF-36 Vitality subscale was 44. Table 2 shows correlations of the two instruments with physician-and patient-rated outcome measures. The FACIT had a higher correlation than the SF-36 Vitality subscale on all physician-rated measures, although the magnitudes of the differences were small and none was statistically significant. The FACIT also had slightly higher correlations with all patient-rated disease specific items from the SHAQ, as well as the adjusted PCS and HAQ-DI, with statistically significantly higher correlations for items related to RP, gastrointestinal symptoms, breathing and disease severity, as well as the adjusted PCS score and HAQ-DI. Alternatively, the SF-36 Vitality subscale was more closely associated with both mental health measures (adjusted MCS and CES-D), including a statistically significant difference for the adjusted MCS. The correlations with the MCS and PCS are negative because a lower value on the MCS and PCS indicates worse health, whereas higher scores on the fatigue measures represent worse fatigue.
Item and total score discrimination of the SF-36 Vitality subscale and the FACIT Two assumptions of the PCM model were checked. A confirmatory factor analysis model fitting each instrument separately resulted in an RMSEA index of 0.147 and a BIC value of 309.52, whereas the model fitting both instruments to the same latent trait achieved an RMSEA of 0.119 and BIC of 15.636. Furthermore, fitting a PCM to each instrument separately yielded a BIC value of 14202.04 and fitting a PCM to both instruments together yielded a BIC value of 13807.35. Therefore, there was no evidence that the instruments were measuring different latent constructs, suggesting the unidimensionality. Computation of the measures of manifest monotonicity showed no major violations (>0.3) to the assumption of stochastic ordering. Fig. 1 shows the degree to which items of the two instruments discriminated between patient fatigue levels. The average severity parameters for the FACIT items covered a larger portion of the fatigue spectrum compared with the SF-36 Vitality subscale, specifically in the range of higher fatigue. Indeed, none of the average severity parameters for the SF-36 Vitality subscale was in the higher levels of fatigue. This suggests that the FACIT items better discriminate amongst patients with moderate to high levels of fatigue than the SF-36 Vitality subscale items. Additional item-level analyses are consistent with this result (see supplementary appendix for details, available at Rheumatology Online). Furthermore, when we compared similar plots with Fig. 1 for the diffuse and limited patients separately, the conclusion did not change.
In Fig. 2 , the most likely SF-36 Vitality subscale and FACIT scores, based on the most likely item responses at given levels of latent fatigue, are shown. An increasing slope indicates that scores increase with higher levels of fatigue. The horizontal segments, on the other hand, represent ranges of fatigue severity where patients would be expected to have the same score. There are several places where the most likely SF-36 Vitality scores are constant despite substantive changes in fatigue levels (e.g. from À3.3 to À2. below the mean despite substantive changes in fatigue levels. In general, the SF-36 had poor discriminative ability over wide ranges of the fatigue spectrum, and the FACIT was clearly advantageous, particularly in the middle of the fatigue spectrum (from À2 to 2 S.D. from the mean), changing much more rapidly for changes in the underlying fatigue level. Analysis of the expected scores, rather than most likely scores, yielded similar conclusions (see Shows the standardized average item severity parameters (across categories) for each item on both instruments in the right panel. The histogram in the left panel shows estimated latent fatigue levels for the 348 patients compared with the standard normal distribution. 
Discussion
The main findings of this study were (i) the SF-36 Vitality subscale and the FACIT had similar associations with disease and patient-oriented outcome variables, although the FACIT generally produced somewhat stronger associations; (ii) the individual items of the FACIT provided more discrimination among patients at all but the lowest levels of fatigue, whereas the items of the SF-36 Vitality subscale tended to discriminate well among patients at low to moderate, but not high, levels of fatigue and (iii) the FACIT total score more effectively covered the entire range of fatigue that is encountered in patients with SSc than the SF-36 Vitality subscale. Fatigue is a common and serious symptom in SSc [916] and is the focus of increasing research. Thus, it is imperative that it is measured with a validated instrument with the best possible performance characteristics. The SSc research community has agreed to apply the OMERACT filter to assess the validity of outcomes [60] . The OMERACT filter requires that measures fulfil the following three levels of validation: (i) feasibility; (ii) truth, including face, content, construct and criterion validity and (iii) discrimination, including responsiveness and reliability. The SF-36 Vitality subscale has an advantage over the FACIT in terms of feasibility in that it consists of 4 items versus 13 for the FACIT. The findings of this study suggest that both the SF-36 Vitality subscale and the FACIT are reasonably valid measures of fatigue in SSc. However, the FACIT provides better discrimination across patient fatigue levels in the ranges of the fatigue spectrum commonly observed in patients with SSc and, for that reason, should be the preferred measure of fatigue in SSc. These findings are consistent with results reported by Cella et al. [23] , who concluded that the FACIT covered a larger portion of the fatigue continuum than the SF-36 Vitality subscale in patients with RA. It is also noteworthy to point out that the FACIT may provide better discrimination across the higher ranges of the fatigue spectrum because while the SF-36 Vitality subscale only asks questions that are general, the FACIT includes items that assess fatigue in everyday situations, such as eating, social activities and the completion of tasks.
There are a number of limitations that should be considered in evaluating the results from this study. The study was based on a convenience sample of patients with SSc. The sample included in this study tended to have a stable pattern of disease, as indicated by the mean duration of 11.1 years since the onset of the first non-RP symptoms. Patients who are not treated by a rheumatologist, who have more severe SSc so as to limit participation in the CSRG Registry or who die early in the course of their disease may be under-sampled in the CSRG Registry. Therefore, our sample may have included an overrepresentation of healthier patients. On the other hand, our patient sample was drawn from a large number of centres across Canada, and the demographic and disease characteristics of the patient sample in this study are consistent with other outpatient samples reported in the literature [61, 62] . Another limitation of this study is the moderate sample size. Although in SSc research a sample size of 348 would not be considered small, IRT models require many parameters to be estimated. This suggests that there may be some degree of uncertainty in the individual parameter estimates, especially for score categories that did not have a high rate of endorsement. However, this does not alter the main conclusions about the general validity of the SF-36 Vitality subscale and FACIT, as well as the fact that the FACIT covers a larger range of fatigue, as these findings were based on robust patterns in the data. Furthermore, we chose to compare the SF-36 Vitality subscale with the FACIT instead of another measure, such as the MAF because of sample size limitations. Further analyses could be completed to explore the use of other instruments in patients with SSc. A final limitation relates to the nature of the measures that were compared. The SF-36 Vitality subscale is only composed of 4 items, whereas the FACIT has 13 items, such that the data from the FACIT could have been weighted more heavily in estimating the underlying fatigue latent construct in models with both instruments. The wording of the two instruments also differs in temporal period of reference. The SF-36 asks patients to report on symptoms of fatigue over the past 4 weeks, whereas the FACIT asks We show the SF-36 norm-based Vitality subscale score (grey line) and the FACIT (black line). This shows the most likely instrument score for a given latent level of fatigue. Note that the left axis is labelled in the original units of the SF-36 Vitality subscale score and the right axis is labelled in the units of the FACIT.
for a report over the past 7 days. Because fatigue levels for most patients are not expected to change dramatically due to the general stability, this inconsistency between the wording of the questionnaires should be noted but is not expected to affect the results considerably.
In conclusion, both the SF-36 Vitality subscale and FACIT are reasonably valid measures of fatigue in patients with SSc. The SF-36 Vitality subscale performs well in patients with lower levels of fatigue, but does not discriminate well among patients with moderate to high levels of fatigue. On the contrary, although the FACIT was not able to discriminate well between patients with very low levels of fatigue, it is the preferable instrument for patients with average to high levels of fatigue. Because many patients with SSc experience high levels of fatigue, the FACIT should be the preferred instrument to measure fatigue in this disease.
Rheumatology key messages
. The FACIT had higher correlation with disease characteristics than the SF-36 Vitality subscale in SSc patients. . The FACIT had better discrimination across part of the fatigue spectrum of interest in patients with SSc. . The FACIT should be the preferred instrument among patients with SSc.
